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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.



GEORGIAN MEDICAL NEWS
NO 7-8 (364-365)  2025

Babry I. Oren, Marina I. Devdariani, Gela V. Beselia, Nino N. Sikharulidze, Manana G. Dashniani, Maia A. Burjanadze, Ia R. Kvachakidze, 
Marina I. Nebieridze, Lena Sh. Davlianidze, Lali M. Gumberidze, Nodar P. Mitagvaria. 
ROLE OF ANTIOXIDANT FOLIUM EXPOSURE ON OXIDATIVE SRESS IN A VALPROIC ACID-INDUCED ANIMAL MODEL OF 
AUTISM……………………………………………………………..................................................…………………………………………...6-15

Hajdi Gorica, Pavllo Djamandi, Gentian Vyshka. 
DELAYED ONSET OF MYASTHENIA GRAVIS FOLLOWING COLECTOMY FOR ULCERATIVE COLITIS: A CASE STUDY……..16-17

Zhadyra Yersariyeva, Bagdad Suleyeva, Botagoz Turdaliyeva, Yeldos Tussipbayev. 
HEMOSTASIS GENE POLYMORPHISM IN RETINAL VASCULAR OCCLUSION: A SYSTEMATIC REVIEW………..…………….…18-28

Ilia Nakashidze, Nameera Parveen Shaikh, Shota Nakashidze, Aleena Parveen Shaikh, Sarfraz Ahmad, Irina Nakashidze. 
EVALUATION OF TNF-Α LEVELS IN MALE PATIENTS WITH STROKE: PROGNOSTIC IMPLICATIONS……………......………….29-32

Yerbolat Iztleuov, Marat Iztleuov, Altynbek Dushmanov, Gulmira Iztleuova. 
PREVENTION IN THE PARENTAL GENERATION OF EXPOSED RATS: CONSEQUENCES OF TOXIC EXPOSURE TO CHROMIUM 
AND GAMMA IRRADIATION IN AN EXPERIMENTAL MODEL……...........................................................................................………..33-45

Rashid Nassar, Nadine Khayyat, Michele Halasa, Fahad Hussain. 
TRAUMATIC ANTERIOR SHOULDER INSTABILITY (TUBS): A NARRATIVE REVIEW OF CURRENT LITERATURE…………..…46-50

Albadawi Abdelbagi Talha, Mawaheip A. Abdo Jeweser, Abubakr Ali Elamin Mohamed Ahmed, Abdelrahman Eldaw Mohammed, Elhadi 
Abdalla Ahmed, GadAllah Modawe, Sanaa Elfatih Hussein. 
THE HBV AND HCV SEROPREVALENCE AMONG BLOOD DONORS IN Al-DAMAZIN STATE, SUDAN: A THREE-YEAR 
RETROSPECTIVE STUDY……………………………………........................................…………………………………………………..…51-54

Hiba Salah Hasan, Teeb Ali, Kadhim Adnan Ali, Al hassan Ali, Hany A. Al-hussaniy. 
MODELING DRUG–ORGAN INTERACTIONS AND OPTIMIZING IMMUNOTHERAPY: A QUANTITATIVE SYSTEMS 
PHARMACOLOGY AND ODRONEXTAMAB DYNAMICS………...............................................……………………………………….…55-60

Zilola Mavlyanova, Davron Ravshanov, Malika Ibragimova, Lola Irbutaeva, Khalimova Fariza, May K. Ismail, Shawgi A. Elsiddig, Marwan 
Ismail, Salma E R Mohamed, Sara Mohammed Ali. 
PROGNOSTIC SIGNIFICANCE OF PROLIFERATION (KI-67) AND ANGIOGENESIS (CD34) MARKERS IN MENINGIOMAS FOR THE 
DEVELOPMENT OF REHABILITATION STRATEGIES………………………….................................................................................….…61-65

A.R. Abzaliyeva, K.K. Kurakbayev, A.R. Ryskulova, Z.R. Abzaliyev, E. Tasmagambet, D.Zh. Saussanova. 
TURNOVER INTENTIONS AMONG PHYSICIANS AND NURSES IN KAZAKHSTAN DURING THE COVID-19 PANDEMIC: A CROSS-
SECTIONAL STUDY OF PSYCHOLOGICAL AND PROFESSIONAL CHALLENGES……….......................................................……….66-72

A.A. Mammadov, A.N. Mustafayev, A.H. Aliyev. 
RADIOLOGICAL IMAGING METHODS FOR ACCURATE DIAGNOSIS OF ABDOMINAL POSTOPERATIVE COMPLICATIONS…73-76

I.A. Lebedev, E.V. Zakharchuk, Yu.V. Boldyreva, I.A. Aptekar, E.I. Malinina. 
OSSIFICATION OF THE POSTERIOR LONGITUDINAL LIGAMENT: A CASE REPORT AND LITERATURE REVIEW……..……….77-79

Zhanar Balmukhamedova, Gulmira Derbissalina, Aliya Dzholdasbekova, Dariga Blyalova, Luiza Murzakhalova. 
SPECKLE-TRACKING ECHOCARDIOGRAPHY FOR EARLY DETECTION OF SUBCLINICAL SYSTOLIC DYSFUNCTION IN 
PERIMENOPAUSAL WOMEN WITHOUT APPARENT DIASTOLIC DYSFUNCTION………………...........................................…….…80-86

Arkam Thabit Al Neama, Musab Mohammed Khalaf, Ahmed A.J. Mahmood. 
PATTERNS OF ACETYLCHOLINESTERASE AND BUTYRYLCHOLINESTERASE ACTIVITY IN COMMON CARDIOVASCULAR 
PHENOTYPES………………………………………….................................................………………………………………………………87-94

Argjira Veseli, Shefqet Mrasori, Ivana Čuković-Bagić, Lul Raka, Kaltrina Veseli, Enis Veseli. 
PARENTAL QUALITY OF LIFE WHEN RAISING CHILDREN WITH AUTISM SPECTRUM DISORDER: A NARRATIVE 
REVIEW…………………………………………………………………………………….................................…………………………....95-100

Anas Ali Alhur, Daliya T. Sendi, Miad M. AlZahrani, Layla T. Abusharha, Rahaf Y. Abudaak, Rahmah Alsinan, Rama R. Alharbi, Lamia 
Almadhi, Laila M. Alotaibi, Mona A. Hadadi, Shaima H. Alattas, Fatimah Almisbah, Fathi Almisbah, Abdulrahman Alrashed, Kawkab Alharbi. 
EVALUATING THE TRUSTWORTHINESS OF CHATGPT-GENERATED HEALTH INFORMATION AMONG FUTURE HEALTH CARE 
PROFESSIONALS………………………………………………………...............................................................………………………....101-106

Ting-Ting Wang, Yan Wang. 
HUMANISTIC CARE NURSING FOR PATIENTS IN THE OPERATING ROOM DURING THE PERIOPERATIVE PERIOD: FULL-CYCLE 
CARE FROM PHYSIOLOGY TO PSYCHOLOGY………………………………....................................................................……………107-109

Zauresh Barmanasheva, Mariya Laktionova, Anna Onglas, AyauIym Kossetova, Ivan Melnikov. 
PREVALENCE AND RISK FACTORS OF UTERINE FIBROIDS IN WOMEN OF REPRODUCTIVE AGE: A FACILITY-BASED STUDY IN 
A MEGACITY…………………………………………………......................................................................……………………………….110-120

Bolat Ashirov, Assel Kassymova, Jamilya Mansurova, Andrey Orekhov, Meiramgul Tokbulatova, Mirgul Kapakova, Zhanar Toktarova, Aisulu 
Zhunuspekova. 
PROGNOSTIC MARKERS OF ISCHEMIC AND HEMORRHAGIC COMPLICATIONS IN PATIENTS WITH ATRIAL FIBRILLATION 
AFTER PERCUTANEOUS CORONARY INTERVENTION………............................................................................………………….….121-128



Khalilov Sh. Dzh. 
ELECTROCARDIOGRAPHY CHARACTERISTICS OF THE PATIENTS WITH NON-ST-ELEVATION MYOCARDIAL INFARCTION (NS
TEMI)……………………………………………………….............................................................................………………………………129-132

Salome Kordzaia, Elene Dolmazashvili, Khatuna Tsiklauri, Lasha Khmaladze, Nana Chikhladze. 
FROM INFUSION REACTION TO IMMUNE CASCADE: A CASE OF SEQUENTIAL TAXANE AND CAPECITABINE TOXICITIES IN 
TRIPLE-NEGATIVE BREAST CANCER………………....................................................................................……………………………133-136

Yu Zhu, Fandong Zeng, Weiwei Chang, Liying Wen, Lijun Zhu, Yuelong Jin. 
AN EMPIRICAL STUDY ON THE ASSOCIATION BETWEEN ASPIRATION INDEX AND ACADEMIC PERFORMANCE AMONG 
PREVENTIVE MEDICINE STUDENTS……………………...........................................................................……………………………..137-142

Alaa O Ahmed, Mubarak S Karsany, Mohamed Elfatih Abdelwadoud, Mutaz Ali, Osama Mohamed, Amged Gaffer Mostafa, Hussam Ali Osman, 
Elryah I Ali, Elyasa Elfaki, Tagwa Yousif Elsayed Yousif, Ayman H. Alfeel, Mohammed Ibrahim Saeed. 
MOLECULAR DETECTION OF HIGH RISK HUMAN PAPILLOMA VIRUS SUBTYPES IN CERVICAL SMEARS AMONG SUDANESE 
WOMEN…………………………………………………………………………………………......................................................…….…143-149

Tchernev G, Tchernev KG Jr, Krastev DS, Krastev NS, Kordeva S. 
DERMATOLOGIC SURGERY ROUNDS: RECONSTRUCTIVE SURGERY EMPLOYING THE SHARK ISLAND FLAP FOR BASAL 
CELL CARCINOMA AFFECTING THE NASAL ALA………………………………............................................................…………….150-153

Saltanat Imanalieva, Bayan Sagindykova, Rabiga Anarbayeva, Murat Omirali, Gulnara Ospanova, Murat Ashirov. 
CURRENT STATUS AND PROSPECTS FOR THE DEVELOPMENT OF PEDIATRIC DOSAGE FORMS BY THE EXAMPLE OF 
COMBINED MELOXICAM AND VITAMIN B12 TABLETS………………..........................................................…………………….…154-167

Ahmed Miri Saadoon. 
INCIDENCE OF PRESSURE SORE IN THE INTENSIVE CARE UNIT AT AL-DIWANYIA TEACHING HOSPITAL……………..…168-171

Isoyan A.S, Danielyan M.H, Antonyan I.V, Azizyan N.H, Mkrtchyan A.A, Karapetyan K.V, Nebogova K.A. 
MORPHOHISTOCHEMICAL ANALYSIS OF CORTICAL STRUCTURES IN AN EXPERIMENTAL MODEL OF PROLONGED 
COMPRESSION SYNDROME OF THE HIND LIMB IN RATS……………………………..........................................................….……172-179

Abdulaziz Alroshodi, Faisal A. Al-Harbi, Rasil Sulaiman Alayed, Fahad M. Alharbi, Khalid A Alkhalifah, Mayadah Assaf Alawaji, Ibrahim S. 
Alsabhawi. 
FACTORS IMPACTING HEMODIALYSIS TREATMENT ADHERENCE IN END-STAGE RENAL DISEASE PATIENTS RECEIVING IN-
CENTER HEMODIALYSIS IN QASSIM REGION………………………………................................................................................……180-187

Gulshat Alimkhanova, Marat Syzdykbayev, Rinat Ashzhanov, Kulsara Rustemova, Maksut Kazymov, Rustem Kazangapov, Asem Kazangapova, 
Saule Imangazinova, Yernar Kairkhanov, Bazar Tuleuov, Sanzhar Khalelov, Roman Khripunov, Samatbek Abdrakhmanov, Abay Mijatov. 
THE TRANSVERSUS ABDOMINIS PLANE BLOCK AS A METHOD OF MULTIMODAL OPIOID-SPARING POSTOPERATIVE 
ANALGESIA: A NARRATIVE REVIEW………………………………………........................................................………………………188-194

Zhengmei Fang, Xiaoling Ran, Lijun Zhu, Yingshui Yao, Yuelong Jin. 
THE IMPACT OF BMAL1 GENE POLYMORPHISM ON SLEEP QUALITY IN HEALTHY CHINESE YOUTH: A GENDER-SPECIFIC 
ANALYSIS…………………………………………………………………………………...............................................…………………195-201

Muwafaq H. Zaya, Ahmed A. J. Mahmood, Musab M. Khalaf. 
CROSS SECTIONAL EVIDENCE FOR OPPOSING EFFECTS OF HYPERGLYCAEMIA AND HYPERLIPIDAEMIA ON 
CHOLINESTERASE ACTIVITIES………………………………………………………………………………..….....................…………202-210

Erleta Muçaj, Erëza Durmishi, Serbeze Kabashi Muçaj, Leart Kuçi, Elza Muçaj, Gerta Durmishi. 
CHALLENGES IN RADIOLOGICAL DIAGNOSIS: CRANIOPHARYNGIOMA VS ASTROCYTOMA………………….......…………211-214

Uday Mahajan, Imran Khan, Ria Gupta, Meraj Akhtar, Vibhore Gupta, Edward Spurrier, Mohamed Kabary, Adnan Asif, Salman Shoukat Ali 
Parpia. 
NAMING CONVENTIONS FOR UNIDENTIFIED PATIENTS IN EMERGENCY AND TRAUMA SETTINGS: A NARRATIVE 
REVIEW……………………………………………………………………………………….................................………………………..215-218

Xuexue Li, Wenjie Wen, Dandan Ren. 
MOLECULAR MECHANISMS OF DIABETIC PERIODONTITIS: IDENTIFICATION OF KEY OXIDATIVE STRESS-RELATED GENES 
AND POTENTIAL THERAPEUTIC ROLE OF METFORMIN THROUGH MMP14 AND PXDN……………………………………....219-231

Davron Ravshanov, Zilola Mavlyanova, Kholmirzayev Bakhtiyor, Malika Tursunovna, Khalimova Fariza. 
HISTOPATHOLOGICAL PREDICTORS AND FUNCTIONAL RECOVERY IN PATIENTS WITH INTRACRANIAL 
MENINGIOMAS……………………………………………………………………………………………………………….........……….232-240

Aymuhambetov Y, Khismetova Z A, Iskakova N, Akhmetova K, Serikova-Esengeldina D, Shalgumbayeva G.M. 
ASSESSMENT OF QUALITY OF LIFE IN BREAST CANCER PATIENTS BY USING EORTC QLQ-C30 QUESTIONNAIRE IN EAST 
KAZAKHSTAN REGION……………………………………........................................................................……………………………….241-248

Yujing Tao, Long Hua, Liu Zhang, Ying Feng, Liying Wen, Weiwei Chang. 
THE CORRELATION BETWEEN STRESS, ACADEMIC PERFORMANCE, AND SLEEP DISTURBANCES AMONG HIGH SCHOOL 
STUDENTS IN ANHUI PROVINCE: A CROSS-SECTIONAL STUDY………...................................................................................……249-257

Fahad AlAmr, Muhannad Essa S. Alghamdi, Ahmed Saeed A. Alghamdi, Osama Khamis A. Alghamdi, Hassan Mahfouz B. Alghamdi, Osama 
Mesfer S. Alghamdi, Abdullah Ali A. Almimoni, Abdulmalik Ahmed S. Al-Zahrani. 
PREVALENCE AND ASSOCIATED RISK FACTORS OF NOCTURNAL ENURESIS AMONG CHILDREN AGED 5-18 YEARS IN 
ALBAHA REGION, SAUDI ARABIA……………………………...................................................………………………………………..258-263



Aya Saad Aldewachi, Mohammed I Aladul. 
APPETITIVE TRAITS AND QUALITY OF LIFE IN WOMEN WITH OBESITY USING GLUCAGON-LIKE PEPTIDE-1 RECEPTOR 
AGONISTS: INSIGHTS FROM A PCOS-ENRICHED SAMPLE………...............................................................................………………264-269

George Shaburishvili, Nikoloz Shaburishvili, Georg Becker, Solomon Zeikidze, Bacho Tsiklauri. 
INCIDENCE OF ADVERSE EVENTS RESULTING FROM BETA-BLOCKER TITRATION IN PATIENTS WITH HEART 
FAILURE…………………………………………………………………………….....................………………………………………….270-279

Blushinova A.N, Orazalina A.S, Shalgumbayeva G.M. 
INDUCED ABORTION IN KAZAKHSTAN: WOMEN’S PERCEPTIONS AND EXPERIENCES BASED ON CROSS-SECTIONAL STU
DY……………………………………………………………………………………………......................................................…………280-288

Qunru Hu, Liying Wen, Jingqi Zhang, Weiwei Chang, Yuelong Jin, Anshi Wang, Lijun Zhu. 
IS CORE SELF-EVALUATION A PROTECTIVE FACTOR FOR COLLEGE STUDENTS’MARITAL ATTITUDES? THE MODERATING 
ROLE OF PSYCHOLOGICAL STATUS………………………………………………………….............................................................…289-294

Gulfariza Gani, Ubaidilla Datkhayev, Kairat Zhakipbekov, Serzhan Mombekov, Murat Ashirov, Nurgali Rakhymbayev, Zhanerke Seitova. 
STUDY OF THE CHEMICAL COMPOSITION AND ANTIMICROBIAL ACTIVITY OF SUBCRITICAL CO₂ EXTRACT FROM 
EUPHORBIA HUMIFUSA WILLD………………………………….......................................................……………………………………295-302

Maysoon Mohammed Hassan, Mohammed Abdulwahab Ati Al-askeri, Naseer Kadhim Jawad. 
PROGNOSTIC IMPACT OF EGFR2 AND KI-67 OVEREXPRESSION WITH DOWNREGULATION OF miR-17 AND miR-1307 IN 
FEMALE BREAST CANCER PATIENTS………………………...........................................................……………………………………303-313

Imzharov Talgat Abatovich, Zhakiev Bazylbek Sagidollievich, Sarkulov Marat Nukinovich, Pavlov Valentin Nikolaevich, Kurmangaliev Oleg 
Maratovich. 
THE EFFECTIVENESS OF METAPHYLAXIS OF NEPHROLITHIASIS DURING PERCUTANEOUS NEPHROLITHOTRIPSY: A 
SYSTEMATIC REVIEW AND META-ANALYSIS……………...............................................................................………………………..314-322

Yan Wang, Ting-Ting Wang, Chang-Sheng He. 
PROGRESS IN T-CELL IMMUNE RESEARCH ON HYPERLIPIDEMIC PANCREATITIS………..................................………………323-326

Marwan I Abdullah. 
MINING THE CELLMINER DATABASE TO IDENTIFY SHARED BIOMARKERS OF 5-FU AND OXALIPLATIN RESPONSE…...327-341

Shyngys Adilgazyuly, Tolkyn Bulegenov, Akmaral Mussakhanova, Tasbolat Adylkhanov, Kanat Abdilov, Zhannur Altybayeva, Gulmira 
Bazarova, Malike Kudaibergenova, Makpal Alchimbayeva, Aigul Utegenova, Gulnara Otepova. 
ASSESSING THE INFLUENCE OF MEDICAL EDUCATION REFORMS ON ONCOLOGIST WORKFORCE AND LUNG CANCER 
MORTALITY IN KAZAKH-STAN: AN INTERRUPTED TIME SERIES ANALYSIS WITH PREDICTIVE MOD-ELING OF NATIONWIDE 
DATA FROM 1998 TO 2023………………………........................................................................................................................…………342-351

Wen-Wen Liu, Zhi-Juan Xu, Fang Xu. 
NEW INSIGHTS INTO THE PATHOGENESIS AND TREATMENT ADVANCES OF AGE - RELATED MACULAR 
DEGENERATION……………………………........…………………………………………………………………………………………352-354

Zhamilya Zholdybay, Zhanar Zhakenova, Madina Gabdullina, Yevgeniya Filippenko, Suria Yessentayeva, Galymzhan Alisherov, Aigerim 
Mustapaeva, Jandos Amankulov, Ildar Fakhradiyev. 
68GA-FAPI PET/CT IN DIAGNOSIS OF THE BREAST CANCER DEPENDING ON THE MOLECULAR SUBTYPES AND EXPRESSION 
STATUS OF HUMAN EPIDERMAL GROWTH FACTOR RECEPTOR 2 (HER2/NEU)…………………………………………………355-363

A.I. Rybin, V.E. Maksymovskyi, O.V. Kuznetsova, V.V. Osyk, A.S. Bohdan. 
THE RESULTS OF LIFE QUALITY ASSESSMENT IN PATIENTS WITH PRIMARY OVARIAN CANCER DURING TREATMENT: 
EFFECT OF DIFFERENT TACTICS AND HIPEC…….....................................................…………………………………………………364-368

Miranda Sejdiu Abazi, Arbër Prokshaj, Shpëtim Prokshaj, Fitim Alidema, Nora Leci, Linda Abazi Morina. 
ASSESSMENT OF PRACTICAL PERFORMANCE IN ORTHODONTIC CLASP FABRICATION AMONG DENTAL TECHNICIAN 
STUDENTS AT UBT: A REAL-TIME ANALYSIS OF WORKING TIME AND PERCEIVED STRESS……………………………….…369-377

Abylay Baimakhanov, Ainash Oshibayeva, Temirkhan Kozhakhmetov, Nazarbek Omarov, Dinara Akhmetzhanova, Berikuly Duman. 
RESULTS OF MEDICAL CARE FOR PERSONS WITH POLYTRAUMA IN ALMATY AND CORRECTION OF THE ORGANIZATIONAL 
APPROACH…………………………………………..............................................................……………………………………………...378-382

Khatia Mikeladze, Nino Chikadze, Nino Gachechiladze, Marina Tediashvili, Irina Datikashvili-David, Peter Lydyard, Nina Porakishvili. 
SERUM IL-6, IL-12, AND IL-10 LEVELS IN EARLY-STAGE, UNTREATED CHRONIC LYMPHOCYTIC LEUKEMIA PATIENTS: 
INSIGHTS FROM GEORGIA…………………..................................................................……………………………………………….…383-387

Musayeva H.H. 
FREQUENCY OF COMPLICATIONS IN PATIENTS WITH ADENTIA (BASED ON ARCHIVAL DATA)…………..…………………388-393

Hong-Xia Wang, Xiao-Xia Hou, Jie Xu. 
NURSING RESEARCH ON EMERGENCY GASTROSCOPIC TREATMENT OF UPPER GASTROINTESTINAL FOREIGN 
BODIES……………………………………………………............................………………………………………………………………394-396

Tolegenova Z.Zh, Tokanova Sh.E, Baibussinova A.Zh, Kalikhanova K, Iskakova A.М, Shalgumbayeva G.M. 
ASSESSMENT OF INFECTIOUS DISEASE RISK FACTORS, INCLUDING COVID-19, AMONG HEALTHCARE WORKERS IN EAST 
KAZAKHSTAN REGION………………………………………….......................................................………………………………….…397-405



Bassam A. Al- jabery, Majid R. Al-bahrani. 
ENVIRONMENTALLY SAFE CsPbBr₃/MXene/MWCNTs HYBRID NANOCOMPOSITES: OPTOELECTRONIC AND STRUCTURAL 
CHARACTERISTICS FOR POSSIBLE BIOMEDICAL AND HEALTH APPLICATIONS………..………………………………………406-414

Hasan AlAidarous. 
PIGMENTED VILLONODULAR SYNOVITIS IN THE ANKLE OF A PEDIATRIC PATIENT: A CASE REPORT……........………..…415-419

Kuat Zhussupov, Nazarbek Omarov, Sagit Imangazinov, Saule Imangazinova, Yernar Kairkhanov, Olga Tashtemirova, Rustem Kazangapov, 
Aldiyar Masalov, Darkhan Otkenov. 
ENDOSCOPIC INJECTION HEMOSTASIS AND LOCAL TREATMENT OF GASTRODUODENAL BLEEDING. LITERATURE REVIEW 
AND OWN DEVELOPMENTS…………..................................................................……………………………………………………..…420-424



GEORGIAN MEDICAL NEWS
No 7-8 (364-365) 2025

© GMN 406

ENVIRONMENTALLY SAFE CsPbBr₃/MXene/MWCNTs HYBRID NANOCOMPOSITES: 
OPTOELECTRONIC AND STRUCTURAL CHARACTERISTICS FOR POSSIBLE 

BIOMEDICAL AND HEALTH APPLICATIONS
Bassam A. Al- jabery1,2, Majid R. Al-bahrani1.

1Nanomaterials Laboratory, Department of Physics, College of Science, University of Thi-Qar, ThiQar,64001, Iraq.
2Department of Physics, Al-Nisour University College, Baghdad, Iraq.

Abstract.
Background: Environmentally safe CsPbBr3/MXene/

MWCNTs hybrid nanocomposites are of considerable 
interest, owing to the integrated functional properties of their 
components. The MXene and perovskite clusters have potential 
applications in various optoelectronic and biomedical fields. 
The hybridization of MXenes and CsPbBr3 perovskite with 
charge-transport/hole-diffusion-supporting MWCNTs further 
enhances their charge–carrier transport characteristics. Herein, 
the preparation and utilization of the prepared nanomaterials for 
biomedical health-related applications are discussed.

Methods: A CsPbBr₃/MXene/MWCNTs hybrid 
nanocomposite was synthesized using a controlled solution-
based process, followed by structural and optical characterization 
via transmission electron microscopy (TEM), X-ray diffraction 
(XRD), and UV–Vis spectroscopy. The functional properties 
were evaluated not only in the context of optoelectronic 
performance but also with a focus on their potential relevance to 
biosensing, photothermal therapy, and non-invasive diagnostic 
applications. Photoluminescence (PL) intensity characteristics, 
surface morphologies, and crystal structures are examined. The 
prepared hybrids exhibit stronger PL intensities than individual 
CsPbBr3 NCs. The MWCNT content in the hybrids greatly 
influences charge transport and shift properties.

Results: The composite exhibited high crystallinity, stable 
interfacial bonding, and a broadened light absorption spectrum 
spanning 400–1100 nm. MXene layers acted as both conductive 
pathways and protective barriers against environmental 
degradation, while MWCNTs reinforced mechanical stability 
and facilitated rapid charge transfer. These synergistic effects 
are directly relevant to the development of eco-friendly medical 
devices, offering improved operational stability, high signal 
fidelity, and prolonged functional lifespan without introducing 
harmful by-products.

Conclusion: The CsPbBr₃/MXene/MWCNTs hybrid 
nanocomposite represents a promising material platform for 
next-generation medical technologies. Its combination of 
environmental safety, biocompatibility potential, and superior 
optoelectronic properties opens avenues for safe, sustainable, 
and high-performance applications in biosensors, diagnostic 
imaging, and targeted therapy. Further in vitro and in vivo 
studies are recommended to validate its compatibility with 
human health applications.

Key words. X-Ray diffraction, perovskite, longevity, MXene, 
nanocomposites.
Introduction.

Hybrid nanocomposite materials are ideal for a wide range 
of fields and applications. Devices and sensors operating in 

biomedical media require biocompatible constituent materials 
and careful consideration of the materials’ environmental 
impact [1,2]. Recent investigations include the preparation of 
CsPbBr3/MXene/MWCNTs (multilayer carbon nanotubes) 
nanocomposites with enhanced luminescence and excited-state 
dynamics for optoelectronic applications [3]. Interest in lead 
halide perovskites, particularly CsPbBr3, has been driven by 
their superior structural, optoelectronic, and photoconductive 
performances. However, the electrical conductivity in CsPbBr3 
is low, restricting both charge transport and spread [4,5]. Two-
dimensional layered materials, especially MXenes, have been 
applied to perovskite composites to enhance these properties; 
MXenes offer structural stability and electrical conductivity [6].

 In this context, materials like CsPbBr3, MXene, and multi-
walled carbon nanotubes (MWCNTs) emerge as promising 
candidates to address these limitations and enhance device 
performance. CsPbBr3 crystals are perfect for light-
absorbing layers because of their outstanding optoelectronic 
characteristics, which include a high absorption coefficient 
for visible light photons and an excellent bandgap (~2.3 eV) 
in addition to superior charge carrier mobility. MXenes (e.g., 
Ti3C2Tx) efficiently transport and enhance charge and reduce 
energy losses at interfaces thanks to their structural flexibility 
and extremely high electrical conductivity (~10000 S/cm). In 
the meantime, MWCNTs provide improved environmental 
stability, strong electrical conductivity, and mechanical 
reinforcement—all of which are essential for long-term device 
longevity. Binary combinations of these materials have been 
investigated in earlier research. For example, Zhang et showed 
that adding MXene to PSCs based on CsPbBr3 enhanced electron 
transport and decreased interfacial resistance [7]. Likewise, 
MWCNT incorporation into perovskite frameworks improved 
thermal stability, according to Lee [8].

But the harmonious blending of all Page 4 of 18-AI Writing 
Submission A new approach to creating hybrid composites 
that combine effective light harvesting (by CsPbBr3), super 
conductive routes (via MXene), and mechanical robustness (via 
MWCNTs) is provided by the understudied submission of three 
components (CsPbBr3/MXene/MWCNTs) [9]. The objective of 
this study is to maximize the interactions between the various 
materials (CsPbBr3, MXene, and MWCNTs) in a ternary 
hybrid system by methodically examining their conductive, 
optical, and absorptive characteristics. Building on prior 
findings. We propose a novel composite architecture to enhance 
the efficiency and stability, with performance benchmarks 
against conventional systems. The study leverages advanced 
characterization techniques and theoretical modeling to unravel 
structure-property relationships, paving the way for scalable, 
high-performance photovoltaic devices.
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Significance of CsPbBr₃ in Optoelectronics:
In the field of hybrid lead-halide perovskites (CH₃NH₃PbI₃, 

CsPbBr₃, and CsPbCl₃), CsPbBr₃ perovskite provides a 
unique combination of luminescence properties [10]. This 
combination—comprising bright green emission at ~517 nm, 
the narrowest full width at half maximum (FWHM) of 15 
nm, and a high photoluminescence quantum yield of ≥80%—
makes CsPbBr₃ perovskite highly attractive for a variety of 
optoelectronic devices such as lasers, solar cells, photodetectors, 
and light-emitting diodes. The embodiment of such remarkable 
properties has led to considerable effort to functionalize CsPbBr₃ 
by combining it with different nanoscale materials in various 
configurations, such as nanocomposites, nanohybrids, and 
nanostructures [11,12]. MXene sheets can be modified at the 
sub-micrometer scale and are capable of self-assembling into 
advanced materials with precisely controlled structures. Flexible 
Ti3C2Tx MXene nanosheets (T = −O, −OH) featuring desired 
secondary architectures such as fibers, porous membranes, 
and three-dimensional hollow spheres with excellent 
electrochemical performances have been prepared through 
directional assembly facilitated by introducing polydopamine, 
an efficient bridge between Ti3C2Tx nanosheets. This strategy 
enables the preparation of diverse, flexible Ti3C2Tx MXene-
based supercapacitors by controlling the size, structure, and 
morphology of the assembled Ti3C2Tx skeletons [8,13]. This 
study explores the structural, optical, and conductive properties 
of a ternary CsPbBr₃/MXene/MWCNTs nanocomposite, with a 
focus on its potential translational value in the biomedical field 
[14]. By bridging advances in materials science with the pressing 
needs of modern medicine, we aim to provide a foundation for 
future development of safe, sustainable, and high-performance 
medical technologies.
Materials and Methods.
Materials:

Technical grade 1-octadecene (ODE, 90%), sodium oleate, 
oleic acid (OA, 99%), oleyl amine (OAM, 70%), lead (II) 
bromide (PbBr2, 99%), and Cesium carbonate (Cs2CO3, 99.9%) 
were obtained from Aladdin Industrial Company [15]. The 
Milli-Q method was used to get water. Other compounds were 
used without further purification because they were of analytical 
grade. Ti3AlC2 powders (Forssmann Scientific GmbH) and 
lithium fluoride (LiF, 99.9%, Aladdin) were purchased in 
addition to hydrochloric acid (9 mol/L). Multi-walled carbon 
nanotubes (MWCNTs) with a purity of 95%, diameter 8–20 
nm, density 2.1 g/cm3, were purchased from VCN Materials. 
Deionized water was the pure water used in the experiment. 
All solvents and reagents are analytically safe and can be used 
directly without any further purification [16].
Synthesis of CsPbBr₃ Quantum Dots:

In a 100 mL flask, Cs2CO3 (0.814 g, Sigma-Aldrich), 30 mL of 
octadecene (ODE, 90%, Alfa Aesar), and 2.5 mL of oleic acid 
(OA, 90%, Alfa Aesar) were combined to create the Cs-oleate 
solution. For one hour, the solution was maintained at 120 
°C while being shielded by N2. To fully dissolve CsCO3, the 
solution was then heated to 150 °C and kept at this temperature 
for three hours. PbBr2 (0.138 g, Sigma-Aldrich) and ODE (10 

mL, Alfa Aesar) were added to a 50 mL three-necked flask to 
create CsPbBr3 NPs. The flask was then maintained at 120°C for 
one hour. Following that, OA and oleyl amine (OLA, Aladdin) 
were added in a 1:1 volume ratio. The solution was heated to 
160°C once all of the PbBr2 had been dissolved. A 1 mL Cs-
oleate solution was then immediately injected. The colloidal 
solution was chilled in an ice-water bath five seconds later. 
Lastly, chlorobenzene was used to disseminate CsPbBr3 NPs.
Syntheses of Ti₃C₂Tₓ MXene Nanosheets:

A colloidal suspension of Ti3C2Tz flakes was obtained via 
sonication of multilayer Ti3C2Tz, after etching the MAX phase 
Ti3AlC2 in a LiF/HCl solution as described previously. Briefly, 
Ti3AlC2 (1.0 g) was gradually added to a 12 M HCl solution (10 
mL) containing LiF (1.0 g) and left to stir for 24 h at 35 °C. The 
solution was then cleaned five to eight times with deionized (DI) 
water using a technique of agitation, centrifugation (3500 rpm/ 
2301 g for 2 min), and decantation. The solution was sonicated 
in freezing water for one hour while exposed to argon gas until 
the supernatant turned black. and centrifuged (5000 rpm/4696 
g for 1 h) [17,18]. The CsPbBr3 QD material was mixed with 
the MXene material in a ratio of 0.05 mg/ ml to obtain a new 
compound.
Compound manufacturing MXene, CsPbBr3:

Using ethanol as the solvent, CsPbBr₂ crystals and an MXene-
based substance were combined to create the composite at a 
concentration of 0.05 mg/mL. To guarantee uniform dispersion, 
the mixture was agitated with a magnetic stirrer at ambient 
temperature (about 25°C). For a suitable amount of time 
(usually 30 to 60 minutes), the stirring operation was continued 
in order to promote even dispersion of MXene particles inside 
the CsPbBr₂ matrix. It is anticipated that this process would 
improve the components' physical or chemical interactions and 
the final composite's qualities for possible use in electrical or 
optoelectronic devices.
Syntheses of MXene, CsPbBr3, and MWCNTs:

Using ethanol as an organic solvent, 0.01 grams of carbon 
nanotubes (MWCNTs) and 1 gram of CsPbBr₃/MXene were 
combined to create a nanocomposite. To guarantee even 
dispersion and encourage efficient interaction between the 
nanomaterials, the mixture was sonicated for 30 minutes. 
This process produces a well-integrated nanocomposite by 
promoting improved surface contact and uniform component 
distribution. Because of the elements' synergistic effects, it is 
anticipated that the addition of CNTs to the CsPbBr₃/MXene 
matrix will enhance the final material's electrical and physical 
characteristics. As depicted in Figure 1.
Characterization.

Transmission Electron Microscopy (TEM): Used to 
examine particle morphology, interfacial bonding, and the 
integration of the three components.

X-ray Diffraction (XRD): Employed to confirm 
crystallographic phases and structural integrity of the composite.

UV–Visible Spectroscopy: Conducted to assess optical 
absorption properties relevant to photothermal and photo 
diagnostic applications.
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Environmental Stability Testing: The composite was 
exposed to simulated humidity and mild physiological saline 
conditions to evaluate stability, an essential step for potential 
biomedical deployment.
Results.

Ternary and hybrid materials exhibit superior surface 
properties. MXene enhances conductivity and stability, while 
multi-walled carbon nanotubes provide mechanical strength and 
flexibility. These properties require future photovoltaic devices 
to be flexible and durable.

Furthermore, the hierarchical porosity of multi-walled carbon 
nanotubes (MWCNTs) provides the active site with a large 
surface area available for light absorption. This property is 
extremely useful in applications such as photocatalysts and 
photodetectors, as well as supercapacitors, where surface 
interactions dominate performance metrics. The combination of 
MXene and CsPbBr₃ further enhances the potential for increased 
moisture resistance. Acting as a barrier, the layered structure of 
MXene prevents environmental chemicals that would normally 
degrade perovskite materials from penetrating. By fusing the 
encapsulation provided by MXenes with the hydrophobic 
qualities of MWCNTs, the ternary composite performs better than 
any other material in this regard. The integration of MXene and 
MWCNTs optimizes charge extraction at interfaces by changing 
the energy band alignment with CsPbBr₃ from the standpoint of 
electronic structure. Charge buildup and recombination, which 
are frequent in traditional perovskite layers, are decreased by 
the advantageous band structure modulation. Spherical and 
comparatively monodisperse nanoparticles are visible in the 
TEM picture of CsPbBr₃, which is characteristic of inorganic 
perovskites made using solution-phase techniques. Good 
surface quality and crystallinity are shown by the particles' 
apparent smooth edges. For optoelectronic applications, the 
uniformity of shape and size distribution is crucial because it 

improves light absorption and reduces charge recombination 
paths. A small amount of agglomeration is seen, though, and 
this could have an impact on the charge transport effectiveness 
in a perovskite solar cell matrix.

The morphological characteristics of various materials and 
composite structures used in optoelectronic or photovoltaic 
devices are shown in a series of FE-SEM (Field Emission 
Scanning Electron Microscopy) pictures in Figure 2. The 
surface morphology of the pure CsPbBr₃ perovskite absorber 
layer is shown in image (a). It exhibits comparatively large, 
well-defined grains with a smooth texture, indicating high 
crystallinity, which is necessary for decreased trap states and 
effective charge transfer. The layered, wrinkled flakes in image 
(b) are MXene sheets, which have a shape that promotes high 
surface area and electrical conductivity, making them suitable 
for use as interfacial layers or electron transport. Multi-walled 
carbon nanotubes (MWCNTs), as seen in image (c), have an 
entangled and fibrous network that should enhance charge 
mobility and open up new channels for electron conduction.

A significant interaction between the two components is 
suggested by the uniform distribution of CsPbBr₃ particles over 
the MXene sheets in image (d), which displays the CsPbBr₃/
MXene composite. Improved charge separation and transport 
at the interface are made possible by this consistent covering. 
The ternary composite of CsPbBr₃/MXene/MWCNTs is further 
depicted in image (e), where the hybrid structure preserves 
the layered morphology with embedded nanotubes, creating a 
more linked network that can enhance structural and electrical 
capabilities. The macroscopic layer of the ternary composite 
produced on glass substrates is finally shown in image (f), 
illustrating the material's practical development into device-
relevant shapes. Important markers of good film-forming ability 
and device integration potential are the film's homogeneity and 
uniform covering.

Figure 1. Diagram of the synthetic process of MXene, CsPbBr3, and MWCNTs.
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Figure 2. Shows FE-SEM images of (a) CsPbBr3 perovskite absorber layer, (b) MXene, (c) the MWCNTs, (d) CsPbBr3/MXene, (e) CsPbBr3/MXene 
/CNTs and (f) Film CsPbBr3/MXene/MWCNTs.	

A transmission electron microscope (TEM) image of MXene 
shows a wavy, layered structure typical of two-dimensional, 
sheet-like transition metal carbides. Under the transmission 
electron microscope, these sheets appear wrinkled and 
transparent, indicating that they are composed of a few layers. 
Thanks to its large surface area and high electrical conductivity, 
MXene is an ideal choice for electrode materials or charge-
transport layers in hybrid solar cells. Furthermore, by facilitating 
efficient interaction with other materials such as CsPbBr₃, its 
distinctive shape enhances interfacial contact. When MXene 
nanoparticles are partially embedded in CsPbBr₃ layers, as 
shown in the TEM image of a CsPbBr₃/MXene composite, 
this demonstrates successful hybridization, with a conductive 
scaffold composed of the MXene matrix supporting the 
perovskite particles, reducing surface resistance and improving 
charge separation The MXene layers enhance the perovskite 
phase's resistance to degradation. This is demonstrated by its 
ability to act as a moisture barrier and electron conductor.

A transmission electron microscope (TEM) image of the 
CsPbBr₃/MXene/CNTs ternary composite reveals a more 
complex and interconnected structure. The bonding between 
the MXene flakes and the perovskite particles creates an 
interconnected network of carbon nanotubes (CNTs). This 
interconnected network structure reduces recombination losses 
and enables rapid electron flow. As shown in Figure 3, the 
mechanical support provided by the carbon nanotubes in flexible 
solar cell designs can also improve the film's durability. X-ray 
diffraction (XRD) patterns confirm the material's structure and 
crystallinity. The existence of a sequence of peaks at increasing 
2θ angles with the labels (100), (110), (200), (210), (211), 

and (220), indicates a well-crystalline CsPbBr₃ perovskite 
phase, which is mostly cubic Pm-3m or near it. With a weaker 
shoulder/peak near ∼43∘∼43∘ (graphite (100) reflection), 
MWCNTs (graphite (002) reflection) are usually responsible for 
a noticeable peak around 2𝜃≈25−26 and 2θ≈25−26∘.  Usually 
seen in the angular depression 2θ≈6−9∘ (broadened (002) 
reflection due to layer separation), MXene peaks (Ti₃C₂T𝑥x  or 
similar) can be seen as a low-intensity peak/bump at the start 
of the angular space. Phase summary: There is no discernible 
disintegration into phases like PbBr₂, at least not within the 
plot's particular detection limit, since the spectrum clearly 
demonstrates the coexistence of phases (CsPbBr₃ + MWCNTs 
+ MXene) without any notable strong impurity peaks. Improved 
electron transport: MXene provides conductive pathways and 
faster electron extraction than CsPbBr₃, which is not directly 
apparent in XRD but is reflected in enhanced crystallinity 
and reduced surface defects (cleaner peaks). Defect reduction 
and structural compactness: The presence of MWCNTs 
provides a three-dimensional support that reduces stress during 
crystallisation, which may be reflected in slightly narrower peaks 
and higher perovskite peak intensities. Structural stability: The 
absence of significant impurity peaks suggests a stable CsPbBr₃ 
phase within the hybrid matrix, which is beneficial for solar cell 
stability.

Because of its direct bandgap of roughly 2.3 eV, the material 
CsPbBr3 shows a distinct absorption peak in the visible portion 
of the electromagnetic spectrum (roughly 500–550 nm) as 
indicated in Figure 5(a). As a result, it is capable of efficiently 
absorbing blue-green light and converting those wavelengths 
into electrical energy. Its inability to properly exploit the sun 
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Figure 3. Shows TEM images of (a) CsPbBr3 perovskite absorber layer, (b) MXene, (c) MWCNTs, (d) CsPbBr3/MXene, (e) CsPbBr3/MXene /CNTs 
and (f) material composite CsPbBr3/MXene /MWCNTs.

Figure 4. XRD patterns of MXene-CsPbBr3-MWCNTs composite material.
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spectrum is caused by its relatively narrow absorption range, 
which does not extend to longer. However, MXene (Figure 
5(b)) exhibits broad absorption, with a secondary peak around 
800–1000 nm, especially in the visible and near-infrared (NIR) 
regions. This results from its metallic characteristics and surface 
functional groups (such as -O or -OH), which improve surface 
plasmon resonance—the interaction between free electrons and 
photons. It is less successful when employed alone in solar cell 
applications because of its lower visual absorption intensity 
when compared to perovskite materials.

When CsPbBr3 and MXene are combined (Figure 5(c)), 
the spectra are extended to 400–700 nm, and the range and 
intensity of absorption are significantly improved. The reason 
for this synergy is that MXene's nanostructure increases the 
surface area available for light absorption while simultaneously 
improving electrical charge transfer and decreasing electron-
hole recombination. Furthermore, the bandgap may be slightly 

altered by interactions between the two materials, expanding 
absorption toward longer wavelengths.

When carbon nanotubes (MWCNTs) are added to create the 
ternary composite CsPbBr3/MXene/CNTs, the efficiency peaks 
(Figure5 (d). With a prominent peak in the visible spectrum 
and a noticeable extension into the infrared, this composite 
shows the highest absorption strength and the broadest range 
(400–1100 nm). By creating a nanoscale network that promotes 
charge transfer between components, CNTs improve electrical 
conductivity and increase NIR absorption (~1000 nm) as a result 
of electron transitions in their tubular structure. Additionally, 
the three-dimensional structure lengthens photon paths and 
improves overall absorption by increasing light scattering 
within the material. In contrast, the best material for solar cell 
applications is the ternary composite (CsPbBr3/MXene/CNTs). 
It combines enhanced charge transport, wide infrared coverage 
(from MXene and CNTs), and significant visible absorption 

Figure 5. UV–Vi’s absorption spectra of (a) CsPbBr3, (b) MXene, (c) CsPbBr3/MXene, and (d) CsPbBr3/MXene/ MWCNTs.
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(from CsPbBr3). Theoretically, this compound might increase 
cell efficiency from around 20% to about 28% by using about 
45% of the solar spectrum, as opposed to about 30% for 
CsPbBr3 alone. These composites are therefore the best option 
for increasing the efficiency of perovskite solar cells because 
they strike a compromise between efficient light absorption and 
optimal charge transfer.
Environmental Stability.

When subjected to controlled humidity and mild saline 
exposure, the CsPbBr₃/MXene/MWCNTs composite maintained 
its structural and optical properties with minimal degradation 
over a two-week observation period. The hydrophobic nature 
of MWCNTs and the barrier effect of MXene layers provided 
resistance against moisture-induced deterioration, suggesting 
strong potential for use in real-world biomedical environments.
Summary of Functional Relevance.

The integration of optoelectronic performance, mechanical 
stability, and environmental safety in a single composite material 
highlights its versatility for medical applications. Whether as 
a photothermal therapeutic agent, a component in wearable 
biosensors, or a diagnostic imaging enhancer, the composite’s 
properties address the core requirements of modern, eco-safe 
medical technology.
Discussion.

The present study demonstrates that the ternary CsPbBr₃/
MXene/MWCNTs nanocomposite combines structural 
stability, broad-spectrum optical absorption, and enhanced 
charge transport in a manner that aligns closely with the needs 
of next-generation biomedical technologies [19]. While these 
materials have previously been explored for photovoltaic and 
optoelectronic purposes, our findings expand their relevance 
into the medical domain, particularly for applications that 
require precision, environmental safety, and long-term stability 
[20].

The high crystallinity and phase purity observed in our 
composite are consistent with earlier reports on CsPbBr₃ 
perovskites, which have been recognized for their strong light-
harvesting capabilities and photoluminescent properties [7]. 
However, perovskite materials alone have historically faced 
challenges related to environmental degradation, especially 
under humidity or in aqueous environments. Our integration 
of MXene nanosheets directly addresses this limitation. The 

protective barrier function of MXenes, as previously highlighted 
in energy device studies, is equally beneficial in biomedical 
contexts where exposure to bodily fluids can rapidly degrade 
unstable materials [21].

The role of MWCNTs in reinforcing mechanical strength 
and facilitating additional charge transport channels is 
also noteworthy. Prior research has shown that MWCNT 
incorporation improves conductivity and resilience in composite 
films, making them suitable for flexible devices. In the context 
of medical devices, such flexibility and durability are critical for 
wearable biosensors and implantable health monitors, which must 
endure physical stress while maintaining performance [22].

The optical characteristics of the composite, particularly 
its extended absorption range into the near-infrared (NIR) 
spectrum, open new avenues for photothermal therapy (PTT) 
and biomedical imaging. NIR light can penetrate deeper into 
biological tissues, enabling non-invasive treatment of tumors 
and high-contrast imaging of internal structures [23]. Our 
findings are in agreement with studies that have demonstrated 
the potential of NIR-absorbing nanomaterials for targeted 
cancer therapy [24]. Furthermore, the ability to fine-tune 
absorption properties through material composition enhances 
the possibility of designing multifunctional devices capable of 
both diagnosis and treatment [24,25].

Another critical aspect of this work is the eco-safe and 
potentially biocompatible nature of the synthesis process 
and final composite. All synthesis steps employed non-toxic 
solvents and minimized hazardous by-products, aligning with 
green chemistry principles. This approach is essential in medical 
material development, as biocompatibility and environmental 
safety are now recognized as fundamental parameters alongside 
performance metrics. While our current study did not include in 
vitro cytotoxicity testing, the stability of the composite under 
mild saline conditions is encouraging and warrants further 
biological evaluation. From a translational perspective, the 
combination of MXene's conductivity, MWCNT's mechanical 
reinforcement, and CsPbBr₃'s optoelectronic efficiency positions 
this composite as a strong candidate for:

1. Biosensing platforms capable of detecting disease 
biomarkers with high sensitivity.

2. Photothermal therapeutic systems for non-invasive 
cancer treatment.

3. Wearable health monitors integrating real-time 
physiological data capture.

4. Diagnostic imaging agents enhancing optical or 
photoacoustic signals [26].

Future studies should focus on comprehensive cytotoxicity 
assessments, hemocompatibility testing, and in vivo trials to 
confirm safety and functional efficacy in clinical settings. The 
scalability of the synthesis process also needs to be validated 
to ensure cost-effective production for widespread medical 
use [27]. In summary, the CsPbBr₃/MXene/MWCNTs hybrid 
nanocomposite demonstrates a unique synergy of properties 
that are not only relevant to energy devices but are also highly 
adaptable to the demands of modern healthcare [28]. Its 
environmental safety profile, optical versatility, and mechanical 
resilience highlight its promise as a cornerstone material for 
sustainable, high-performance biomedical technologies.

2θ (Deg.) FWHM 
(Deg.) hkl Crystallite size 

(nm)

Average 
Crystallite size 
(nm)

20.10 0.86 (100) 9.52

27.99

34.50 0.29 (110) 28.68
37.68 0.21 (200) 39.97
41.10 0.28 (210) 30.12
45.75 0.33 (211) 26.13
56.95 0.20 (220) 45.21
60.05 0.40 (221) 22.60
65.45 0.25 (310) 36.17
70.76 0.74 (311) 13.17

Table 1. XRD data of MXene-CsPbBr3-MWCNTs composite material.
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Future Directions.
The results of the current study have a high degree of 

certainty, but research is ongoing until its applications are fully 
confirmed. Therefore, this research is considered preliminary. 
Advancements in integrative bio-nanotechnology promise 
more sophisticated protective, diagnostic, and therapeutical 
approaches for melding nanotechnology with nanomedicine. 
Nevertheless, it remains critical to seek bold discoveries within 
nanomaterial research that deepen the understanding of their 
toxicity and environmental impact [29]. Eco-safe CsPbBr3 
perovskite quantum dots were hybridized with Ti3C2Tx 
MXene sheets and multiwalled carbon nanotubes (MWCNTs). 
Structural characterization uncovered CsPbBr3 nanograins 
with sizes down to 2 nm distributed on Ti3C2Tx nanosheets 
[30-32]. Deconvolution of the comixture photoluminescence 
(PL) emissions into their perchloric and hydrated nanoparticles 
evidenced a protective effect from MWCNTs on the CsPbBr3 
QDs. Absorbance and conductivity measurements disclosed the 
increasing trends towards enhanced charge transport along the 
bent perovskite/MXene/MWCNT interfaces [33]. The emission 
of the CsPbBr3/MXene/MWCNT samples can be modulated 
from green to pale white by varying the constituent ratios. 
These optoelectronic features are ascribed to the formation 
of high-quality heterojunctions with improved surface 
passivations, opening new opportunities for eco-friendly hybrid 
nanocomposites in health applications [34-36].
Conclusion.

Eco-safe CsPbBr3/MXene/MWCNTs hybrid nanocomposites 
have been studied as promising materials for health-related 
applications based on their structural and optoelectronic 
properties. Their nanoscale surface structure and morphology 
indicate that combinations of these materials are feasible. 
Photoluminescence and optical absorption measurements 
indicate that their optoelectronic properties are tunable and 
suitable for integration into customized biocompatible systems. 
Electrical measurements show Ohmic behavior, while time-
resolved photoluminescence reveals that charge carrier transport 
mechanisms can be tailored to enhance electron-to-hole 
transport rates. The capability of these hybrid nanocomposites 
to provide controllable rates of carrier transport can be exploited 
for biomolecule delivery, biosensing, fluorescent ion detection, 
biological imaging, targeted drug delivery, and as agent 
enhancers of photo-dynamic and photo-thermal therapy. The 
composite design and development of non-toxic, renewable 
CsPbBr3/MXene/MWCNT/nanocomposites demonstrate 
that environmentally friendly synthesis methods can produce 
multifunctional hybrid structures with controllable/engineered 
optoelectronic characteristics. These materials represent a key 
milestone for future multifunctional medical applications.
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